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ABSTRACT 
 
 Since the first Hybrid Rice Variety was released in the United States nearly 
twenty years ago, hybrids have become a favorite among rice producers in the South.  
Hybrid rice varieties offer increased yield potential, better disease resistance and 
herbicide traits that serve as solutions to weed and resistance issues for farmers and 
agronomists.  As the popularity and demand for Hybrid rice has grown, so has the need 
for seed production, which often times has struggled to keep up with demand.  This is 
due to multiple factors, including foundation seed avalibility, sterility issues and difficulty 
with cross-pollinating in field environments.  In this experiment I explore the possibility of 
reducing the sterile female line seeding rate in attempts to lower foundation seed cost 
by having a pound of seed cover more area without reducing the F1 hybrid rice seed 
yield.   
 Four experimental seeding rates were compared with our normal seeding rate of 
thirty pounds per acre (33.63 kilograms per hectare).  Sterile female seed was planted 
in six plots, with each of the five seeding rates replicated three times per plot which 
equaled fifteen entries per plot for a total of ninety entries across the experiment.  Two 
different planting dates were selected to serve as a planting date study and back up in 
the event unforseen damage affected the experiment.  Two planting directions were 
also tested, east to west and north to south, in an effort to gauge any benefit of natural 
pollination received from the predominantly south wind during cross-pollination.  Plots 
one, two, five and six, a total of sixty entries, were planted east to west over two 
planting dates.  Plots one and two were planted first followed later by plots five and six.  
Plots three and four, thirty entries, were planted north to south and compared with plots 
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one and two which were planted the traditional east to west direction.  Plots one thru 
four were all planted on the first planting date. A plot map can be seen in Figure 1 
attached below.  The experiment was maintained as if it were a commerical seed field. 
 The seed yield average across all plots was 1171 pounds per acre (1312.52 
kilograms per hectare) , with the highest yielding plot reaching 2430 pounds per acre 
(2723.67 kilograms per hectare) and the lowest yielding plot weighing 636 pounds to the 
acre (712.86 kilograms per hectare).  Despite the large difference in individual plot 
yields, no one seeding rate was significantly different when averaged across the entire 
study.  With all seeding rates averaging within 93 pounds (104.24 kilograms) from top to 
bottom the data would suggest there is no drag on yield incured by reducing the 
seeding rate.  The data did show a response in planting direction as the east and west 
planted rows consistantly out yielded their north and south counterparts.  Planting date 
data also show that the early plant date translated into better seed set in the fall.  This 
information  suggests that earlier seed field planting in an east-west orientation at lower 
female densities will improve hybrid rice seed production, which increase profibility for 
the seed producer.     
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Introduction 
In 2000, a single hybrid rice variety was commercially released in the United 
States.  According to the United States Department of Agriculture's Economic Research 
Service in 2013, hybrid varieties popularity had grown to 39% of all rice acreage 
(Brown).  There are several reasons for farmers making the switch from conventional 
single varieties to hybrid varieties but the two most common reasons were increased 
yields and better weed control through herbicide tolerance.  Despite Hybrid Rice’s 
growing popularity and enhanced benefits over its conventional competitors, there are 
still obstacles in research, development and seed production that prevent hybrid rice 
from reaching its full commercial potential in the United States.      
 As of today, there is only one company selling hybrid rice seed commercially in 
the United States.  That company is RiceTec, located in Houston, Texas.  Unlike 
conventional varieties which self-pollinate, "Hybridization involves cross-breeding two 
genetically dissimilar individuals resulting in an F1 hybrid" (Boyd).  This process greatly 
complicates seed production and increases seed production cost.  These added costs 
have served as an entry barrier for competitors looking to enter the US hybrid seed 
market.  One of the companies looking to enter the hybrid rice market is Crop 
Production Services (CPS).   In 2015 they acquired Bayer CropScience's hybrid rice 
breeding program led by Dr. Kirk Johnson.  In October of 2015, I was hired as Seed 
Production Coordination by Dr. Johnson and Randy Ouzts, the CPS U.S. rice manager.  
My role was to work with area seed farmers to produce F1 Hybrid Seed.  Our first seed 
crop was planted in the spring of 2016 and I worked with the contracted farmers on a 
daily basis maintaining the seed crop.  We planted three varieties over 420 acres in 
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Texas and Missouri and produced an average yield of 977 pounds per acre in Texas 
and 4,000 in Missouri.   
 That same spring Crop Production Services released our first hybrid variety, 
“Express”, into a test market of "50 large scale on-farm plots ranging from 20 to 60 
acres"(Boyd).  Although Express was lower yielding than all other hybrids grown 
commercially in the United States, it had characteristics that excelled where other 
hybrids traditional have had issues.  It was supposed to have exceptional milling 
qualities and low chalk content.  Express 90-day maturity generated a buzz among 
growers and competitors as the shorter growing season equated in growers not having 
to pump as much irrigation water and Express only required two-thirds the fertilizer 
when compared to conventional varieties.  CPS hoped the input savings would offset 
the substantial difference in yield.  
 Through July of 2016 everything looked good within our rice program.  Express 
was growing nicely and the early fields of seed production were strong.  When Express 
started to mature, things began to change and significant problems surfaced.  As the 
permanent flood was drained on mature rice fields in preparation for harvest, Express 
began to dry stalk and lodge badly (Figure 1).  Every Express plot had lodging varying 
from severe to catastrophic.  This was a major setback.  Further investigation of the rice 
program discovered Express had similar pedigrees with other experimental hybrids in 
the CPS program, discrediting potential replacements.  No more commercial seed 
production was grown after 2016. 
 My role then shifted, to Research and Development, working with the breeding 
staff to try and deliver new stronger hybrid varieties.  I focused on experimental seed 
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production which is the foundation of this project.  In the CPS breeding program, we had 
four breeders including a head breeder, two senior breeders and a junior breeder.  One 
senior breeder focused on female (sterile) line development and the other breeder 
handled the male pollinator.  Newly developed lines were passed on to the third breeder 
who would create several crosses to create new hybrid lines.  The new material was 
then planted in our Heterosis Test Cross (HTC) stage.  This is the initial test of an 
experimental hybrid.  Each new hybrid was planted side by side with its male parent and 
a commercial check.  If the hybrid visually showed strong heterosis, it was advanced to 
the small Experimental Seed Production (ESP) stage.   In Experimental Seed 
Production the same parent line combination that showed promise in the HTC testing 
was planted in a field setting.  This would be our first look at the seed production using 
cross pollination.  The varieties were grown, pollinated and harvested in a manner 
reflecting how commercial seed production would be done.  Seed production yield was 
closely monitored to gauge the “nick” of the pair and determine if they could be 
produced with a sufficiently low cost of goods.  The F1 seed produced in the 
Experimental Seed Productions was used in yield trials.  In yield trial testing we looked 
for multiple traits in a hybrid variety. First and most importantly was yield. Next was the 
grain chemistry and quality. Lastly was consistency in seed production.  If an 
experimental hybrid variety appeared to have the desired qualities, it was then 
advanced to large ESP testing. 
 Large Experimental Seed Production (ESP) is the next step in the development 
process.  If a line or hybrid performs well in the first couple years of varietal testing, it 
becomes necessary to increase the testing over a larger area of the rice belt.  This 
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includes partnering with additional universities and planting strip trials with key growers, 
thus increasing the need for seed.  Large ESP plots follow the same protocols as small 
ESP only instead of a few 5' by 7' plots (1.52 meters by 2.13 meters) the area was 
increased.  Figure 2 shows Kyle Crenek cross pollinating Small ESP Plots using an 
electric leaf blower to spread the pollen from the pollinator to the sterile female. Large 
ESP plots vary from one to ten acres (0.40 hectares to 4.05 hectares) depending on the 
amount of seed needed and the amount of foundation seed available.  An aerial photo 
of this year’s plot can be seen in Figure 3.  Each individual plot was 0.25 acres (0.10 
hectares) for a total of 1.5 acres (0.61 hectares) not including the area omitted to allow 
for plot equipment to turn and levees.  
One question often received is why is Hybrid Rice seed so much more expensive 
than its conventional, single line competitors.  According to the pricing chart found on 
RiceTec’s website and seen in Figure 4, a pound of hybrid rice seed will cost $8.13 for 
their newest hybrids that are herbicide resistant.  The resistance was developed from a 
mutation discovered in rice as genetic modifications are not approved in rice.  Hybrid 
varieties without herbicide resistance from other companies cost the grower around 
$6.84 a pound.  In comparison our local seed rice dealer, Rice Belt Warehouse sells a 
conventional variety with herbicide resistance for $2.30 a pound and a non-traited 
variety for $1.06 a pound.  One reason hybrid seed is more expensive is the low 
recommended seeding rate for Hybrid seed.  RiceTec recommends their varieties be 
planted between 22.5 and 25 pounds to the acre (Hutchens).  Conventional varieties 
are seeded at a rate of 50 to 70 pounds to the acre (McCauley). Although RiceTec seed 
is four times the cost, you are only planting half the seed.  This low seeding rate is 
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possible due to the greater vigor of hybrid varieties.  Hybrids are able to produce more 
fertile tillers and produce more grain.  This adds significant value to hybrid seed.  Even 
so, RiceTec seed cost between $244 and $128 per acre compared with conventional 
lines costs between $138 to $64 per acre. Farmers are more willing to pay the extra 
cost because as seen in Figure 5, hybrid varieties out yield conventional, thus they are 
more profitable to grow.   
Hybrids are only produced by one company in the United States, RiceTec, and 
supplies dependent on various environmental factors.   There is added risk when 
producing hybrid rice seed as seed yields vary greatly from field to field and year to 
year.  Rain or high daytime and nighttime temperatures during pollination can greatly 
reduce hybrid rice seed yield.   Growing seed rice for a conventional variety is simpler 
and less dependent on the weather as conventional rice self-pollinates.  A grower is 
given foundation seed and grows the seed crop much like he would a commercial crop.  
A few extra steps such as rogueing out off-types and periodic field inspections are done 
but the yields are consistent and comparable to what is expected from that single line 
variety.  Seed yields on conventional varieties range from 6,500 pounds per acre 
(2948.35 kilograms per hectare) to 8,000 pounds per acre (3628.74 kilograms per 
hectare).  A conventional seed field will routinely return 100 times the seed planted.  
Thus, there is usually a consistent and high seed yield from conventional pure line 
varieties.   
  The steps involved in seed production for hybrids varieties are more complex, 
contributing to inconsistent hybrid seed yields.  Hybrid rice production requires a sterile 
female line.  There are currently two male sterility systems use in rice.  The most 
10 
 
common system in the United States is a two-line system that uses Environment-
sensitive genetic male sterility (EGMS) to achieve sterility in the female parents.  In 
EGMS systems warm temperatures and long sunny days induce sterility in the female.  
Female seed production occurs in northern regions of the rice belt where it self-
pollinates due to a shorter, cooler growing season. In this system the female is 
designated as the S-line.  The S-line is then planted along the Gulf Coast where the 
sterility mechanism activates due to its predominately hot and sunny climate.  However, 
there is a risk of the female line self-pollinating if weather conditions are not sufficiently 
warm and sunny, creating genetic purity problems. The three-line system uses 
Cytoplasmic genetic male sterility (CMS), which genetically suppresses male sterility.  
The three-line, CMS system is the system used in this experiment.  The first step in a 
Three-Line System is increasing female parent seed.  The female parent in this system 
is designated the A-line. Increasing the female is accomplished by pairing existing A-
line seed with a maintainer line.  The maintainer line is normally genetically identical to 
the A-line, with the exception that it is fertile and produces pollen.  The maintainer line is 
called the B-line.  The A-line is interplanted with B-line and cross-pollinated which 
results in additional A-line seed.  This seed is then taken and paired with an unrelated 
male line, where cross pollination results in the production of F1 hybrid rice seed. This 
second male line is designated the R-line.  It can be any fertile line as long as it carries 
the RF3 or RF4 genes which are required to break the genetic sterility system in the A-
line.  The F1 hybrid seed is what is packaged and sold to farmers.   
 Regardless of what system is used to make the hybrid the production of 
foundation seed adds great cost.  In the three-line system three different sets of breeder 
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and foundation seed have to be maintained.  The CPS foundation seed contract paid 
$1500 per acre of the foundation field plus $0.50 per pound of dried seed produced.  
This was a driving force behind the design of this project. A foundation field that 
produces 1000 pounds of clean and dry seed per acre of A-line would pay the seed 
grower $2000 per acre.  Thus, before ever going into commercial hybrid seed 
production there already is an investment of $2.00 a pound into the seed.  CPS’s Hybrid 
seed contracts have historically paid $1300 dollars to seed growers.  However, due to 
poor seed production history, CPS reduced the guaranteed portion of the grower 
contract to $800.  A $600 minimum was placed on the F1 Hybrid seed and any 
additional seed produced over 750 pounds per acre (840.64 kilograms per hectare) was 
given a $0.40 bonus.  Male line was guaranteed for $200.  CPS paid for the herbicide, 
insecticide and fertilizer inputs, costs of $300 - $400 per acre on average. The shift was 
made to reduce the financial consequences to seed producers when their hybrid seed 
production yields did not meet expectations. The target of 750 pounds (840.64 
kilograms per hectare) was chosen because it is the financial breakeven point to be in 
the hybrid seed rice crop if you take the $2000 incurred during foundation seed 
production and add to it the $1100 incurred during hybrid seed production for a total of 
$3100 per acre invested in the 750 pounds (840.64 kilograms per hectare) produced, 
which comes out to be around $4.00 a pound.  From Figure 5, at this price point we 
were offering a better return than farmers could expect from growing a commercial rice 
crop.  This allowed our seed to remain attractive to good seed growers.  I was given the 
$4.00 target to hit by the business managers within CPS to keep our seed cost 
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competitive.  Additional costs not included helicopter pollination and rogueing crews, 
seed drying, processing and packaging.     
 The objective of this research was to try and determine a way to make hybrid 
seed rice production economically feasible.   I hope to achieve this by reducing the 
seeding rate as much as possible without affecting the hybrid seed yield. Of lesser 
significance I also had plots planted ninety degrees of each other to observe if wind had 
a significant effect on the pollination process.  Lastly, two different planting dates were 
chosen to observe if there was any effect on yield due to sun light and temperature 
changes as spring became warmer.      
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Materials and Methods  
Plot work was conducted between 11 April 2018 and 17 August 2018.  The field 
used was located on the Crop Production Services Rice Research Station located at 
676 County Road 324, El Campo, Texas.  The physical location is 3.75 miles west of 
Danevang, Texas, directly off of Country 324.  The actual field the plot was grown in is 
highlighted by a red box in Figure 6.   The soil type consisted of Edna fine sandy loam.   
Extensive land leveling has been done to the farm at the Rice Research Station to allow 
the rice plots to water and drain evenly.  Water for irrigation was ground water pumped 
on site using an 8” (20.32 centimeters) electric well and delivered to the field using 
underground irrigation.  The field had been fallow the previous year and was last farmed 
in 2016.  
 The plot was set up as an experiment with six plots.  There were five different 
seeding rate entries (7.5 pounds per acre ,15 pounds per acre, 22.5 pounds per acre, 
30 pounds per acre (Control) and 40 pounds per acre) or in metric (8.4 kilograms per 
hectare, 16.8 kilograms per hectare, 25.2 kilograms per hectare, 33.6 kilograms per 
hectare (Control) and 44.8 kilograms per hectare) replicated randomly three times. 
Restricted Randomization was used to ensure that each entry was planted once in the 
left, middle and right sections of the female pass before planting, ensuring each seeding 
rate entry had an even spacing from the male line pollinator throughout plot.  This was 
important as cross pollination usually favors the strips directly next to a male pollinator 
strip (Figure 7).  There were three strips in a female pass equaling a three to one female 
to male ratio.  Four plots were planted the tradition direction of East to West so the 
predominant south wind would blow across the plots and aid in the cross-pollinating 
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process.  Two plots were planted North to South to test how much impact the natural 
breeze actually provided to the cross-pollinating process.  Lastly, a second planting date 
was added to evaluate if there were any effects of planting date.  The second planting 
date also served as an insurance policy should unforeseen damage occur to one 
planting date.   
All seed was treated the same but packaged in different quantities to achieve 
each desired plant populations in the plot area.  The first planting date occurred on 11 
April 2018 where plots one through four were planted.  This included two East/West 
plots and two North/South plots.  The second planting date, 26 April 2018, included 
plots five and six which were only planted East/West.  Conventional tillage practices 
were used to prepare the field prior to planting.  Planting was done using a John Deere 
6430 Tractor equipped with GPS guidance and a Great Plains 3P606NT Drill fitted with 
a Kincaid Cone System (Figure 8 & 9).  The drill was set up with 9 units set on 7.5” 
(19.05 centimeter) spacing. Plots were 83.75 feet long (25.53 meters).  The plots were 
maintained using cultural methods that simulate commercial seed production. The plots 
were harvested using a Wintersteiger Delta Plot Combine with a Single, Hi-Cap 
Harvestmaster weighing system and a 1750 mm head.  This provided yield data 
necessary to determine the effects seeding rates have on hybrid seed production.  
Because of the narrow width of the head, the outside rows of the plot were removed so 
the combine could cleanly harvest seven rows from each plot.  Plots were all harvested 
on 17 August 2018.  Plot weight, moisture and test weight were all recorded using a 
Harvestmaster weight system mounted on the combine.   
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 The Hybrid used for the experiment was selected by the Dr. Qiming Sho, the 
senior breeder at the Crop Production Service Rice Research Station.  The parent lines 
for the experimental hybrid were the sterile female line A – 25 and the pollinator R – 7. 
Similar seed treatments were applied to each line with one difference, gibberellic acid 
(GA3) was only applied to R – 7 pollinator.  This step was taken to speed up the male 
line maturity by a few days and improve the likelihood of effective cross pollination with 
the faster maturing A – 25 (Figures 10 & 11). A – 25 was expected to mature three to 
five days sooner that the male, R – 7.  We were hoping to cut the difference in half by 
using this treatment. This method is supported by Richard T. Dunand (1993) in a report 
titled “Gibberellic Acid Seed Treatment in Rice” in which he wrote, “In general, 
gibberellic acid reduced time to 50% emergence and time to stand, and environment 
significantly influenced the degree of reduction. Time to 50% emergence was reduced 3 
and 2 days in 1987 and 1988, respectively. In 1989, the reduction was 7 days.”  The 
use of GA3 in this way is a useful tool to better fit the nick between two lines with 
different maturities.  Seed was packaged in envelopes weighing 53.9 grams, 107.8 
grams, 161.7 grams, 215.6 grams and 287.4 grams were filled to get the desired 
seeding rates 8.4 kilograms per hectare, 16.8 kilograms per hectare, 25.2 kilograms per 
hectare, 33.6 kilograms per hectare (Control) and 44.8 kilograms per hectare.  
Envelopes were packaged at 15% overage to account for the initial spillage that occurs 
when the cone drops the seed and adjust for the results of the warm germination test 
that was conducted to ensure desired stands would be produced (Figure 12).    
 Fertilizer was applied twice during the growing season.  The first application of 
600 pounds per acre (272.16 kilograms per hectare) of 13-13-13 was applied at the first 
16 
 
flushing.  A second application of 100 pounds per acre (45.36 kilograms per hectare) of 
46-0-0 as applied at Green Ring. “Green ring, properly termed internode elongation, is 
an important stage in rice development. It is used to time mid-season fertilization. It 
indicates the shift from vegetative growth to reproductive growth in the plant.” (Dunand, 
1993) 
 The plots planted on 11 April 2018 had three herbicide applications, a 
preemergence followed by two in season applications.  The preemergence application 
consisted of 12.8 fl oz/acre (0.94 Liter/Hectare) of Command 3ME, 0.333 oz/acre (23.33 
Grams/Hectare) Permit and 0.5% Maximizer Crop oil per total volume of solution mixed.  
This was followed by 17.8 fl oz/acre (1.3 Liter/Hectare) of Riceshot LC with the 
surfactant Phase added at a 0.5% rate per total volume.  The final herbicide shot came 
just before the permanent flood was applied. This application included 0.5 oz/acre 
(35.03 Grams/Hectare) of Regiment, 0.5 oz/acre (35.03 Grams/Hectare) of Permit and 
0.5% by volume of Phase II surfactant. The same applications were made to the plots 
planted on 25 April 2018 with the addition of one extra treatment.  An application of 45 fl 
oz/acre (3.29 Liter/Hectare) of Facet L, 0.333 oz/acre (23.33 Grams/Hectare) of Permit 
and 0.5% by volume of the surfactant Phase were applied in-between the First Riceshot 
LC application and the preflood application to control some Barnyard grass the broke 
through.  All applications were delivered to all trials with a Bowmen Mudmaster 
equipped with a Tee-Jet rate control system and 20’ spray boom. 
 Pollination is the stage critical to successful Hybrid Rice Seed production.  To aid 
in successful pollination an application of 30 fl oz/acre (2.19 Liter/Hectare) of N-Large 
and 19 fl oz/acre (1.39 Liter/Hectare) of Stratego were applied as a fungicide application 
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and stem elongation agent (Figure 13).   In the hybrid seed fields, we try to apply 
gibberellic acid when both lines are 10% headed out.  This causes the heads of both the 
male and female lines to exert out of the canopy allowing pollen to flow unobstructed by 
the leaves in the canopy.  Ideally both lines reach heading at the same time.  That was 
not the case this year.  The female grew at a faster pace than the male all season long 
which resulted in it heading out nearly two weeks before the male planted next to it 
instead of the expected three to five days.  Thus, the GA3/Fungicide application was 
made on 6 July 2018 for plots 1 and 2, 10 July 2018 for plots 3 and 4 and 13 July for 
plots 5 and 6.  The male reacted more to the application as a majority of the A – 25 
plants had already fully headed out and did not respond to the GA3 and reduced the 
effectiveness of the Fungicide application.  Cross pollination started the following day on 
all plots. In commercial seed production we use Robinson R22 helicopters to move 
pollen from the male to female lines.  In research we scale back to hand held leaf 
blowers (Figure 3).  Pollen was blown and monitored every day from 7 July 2018 thru 21 
July 2018.  At 10 miles per hour (16.09 kilometers per hour) wind speed, there is 
sufficient wind to cross pollinate without artificial help.  We lost three days during the 
pollination period, 8, 9 and 11 July 2018 due to rain showers.        
 The statistical analysis was done using Single factor Analysis of Variance tables 
created using Microsoft Excel.  However, analysis was not straightforward because of 
the unbalanced nature of the experimental design.  Thus, line graphs and tables were 
also created to try identify a trend with in the data in place of conclusive evidence.   
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Results  
Before analyzing any data harvested from the plots, I first wanted to check the 
weather conditions throughout the growing season.  Weather data was compared with 
2017 data and historical data in Figures 14, 15 and 16.  We had a slightly cooler than 
normal year, accumulating 3962 Growing Degree Units from 1 April 2018 through 17 
August 2018.  There was a total of 4030 GDUs in 2017 and 3991 GDUs historically.  
April was a cooler month and which set us back nearly 100 GDU’s.  This was followed 
by a hot and dry conditions throughout May and into beginning of June in which both 
early and late planting dates began to grow and develop.  Showers returned in the 
second half of June and through parts of July.  This had little effect on the pollination 
window and harvest. 
We had success in achieving the desired plant populations (Table 17). The 
average plot yield across all 90 entries was 1171 pounds to the acre (1312.52 kilograms 
per hectare).  All plots were adjusted to 12% moisture content for an even comparison 
using the formula in Figure 18.  The highest yielding plot was a 7.5-pounds per acre 
(8.40 kilograms per hectare) seeding rate at 2430 pounds per acre (2723.67 kilograms 
per hectare).  The lowest yielding plot was a 15-pound per acre seeding rate (16.81 
kilograms per hectare) at 686 pounds per acre (768.90 kilograms per hectare).  There 
was a tie for the best average by seeding rate with the 7.5 pound per acre (8.40 
kilograms per hectare) and 40 pound per acre (44.83 kilograms per hectare) entries 
both yield 1202 pounds per acre (1347.36 kilograms per hectare) (Figure 19).  As seen 
in Figure 20 some planting rates did yield higher than others.  However, the error bars 
suggest that this separation is not significant, as there is much overlap in the standard 
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error bars for planting rate groups (Figure 18).  This is supported by the ANOVA in 
Table A1 which is the ANOVA across all ninety plots, sorted by seeding rates.  It 
returned a P-Value of 0.85, indicating no significant differences among seeding rates.    
 When comparing the four plots planted on 11 April 2018 in opposite directions 
there were visible yield advantages to plots that were planted East to West over the 
plots planted north to south (Figure 21). Although these plots were not replicated, the 
east to west plots yielded 1406 pounds and 1219 pounds to the acre (1575.92 and 
1366.32 kilograms per hectare) in comparison to the north and south plots which 
averaged 1191 pounds and 1011 pounds per acre (1334.93 and 1133.18 kilograms per 
hectare).  In the line graph (Figure 21) the east to west direction showed a tendency to 
slightly increase yields compared to the north to south plots consistently across seeding 
rates.  With the exception of the 40 pounds per acre (44.83 kilograms per hectare) 
seeding rate in plot three which weighed 1561 pounds per acre (1749.65 kilograms per 
hectare) every other east to west plot out weighted their north to south counterparts.   
 The early panting date plots one and two also out yielded the later planting date 
plots five and six.  The early planting date was 11 April 2018 followed two weeks later 
by the second planting date of 26 April 2018.  These plots were not replicated.  In 
Figure 22, the average yield for the early planting date plots one and two was 1406 and 
1219 pounds per acre (1575.92 and 1366.32 kilograms per hectare) respectively 
compared to 1128 and 1067 pounds per acre (1264.32 and 1195.95 kilograms per 
hectare) for plots five and six. Overall the yield in the early planting dates was more 
consistent and better than the yield in the later planting date. 
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 Statistical testing (Table A1) indicates that different seeding rate produced similar 
yields in the ranges tested.  With a P-value of 0.86 and alpha of 0.05, we do not reject 
the Null Hypothesis. The average yield of each seeding rate is within 93 pounds (42.18 
kilograms) from the highest average to the lowest entry. The results of this test would 
indicate seedling rates may vary without significantly affecting yield.  One outlier 
observed was that the 40-pound (44.83 kilograms) seeding rate yielded 400 pounds 
more per acre (448.34 kilograms per hectare) than the other seeding rates.     
 Analysis of Variance was also performed on the Test Weight and moisture 
readings of the data collected by the plot combine (Tables A2 & A3).  ANOVA testing 
indicated there were no differences among seeding rate, planting direction, or planting 
date treatments for seed moisture or test weight 
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Discussion  
 The main objective of this study was to determine how the seeding density, 
planting direction and planting date of a hybrid seed field affects the seed yield.  The 
information gathered was a starting point in determining efficient seed rates and 
planting windows for Crop Production Services.  Because there was no significant 
difference in the overall average yield, the results supported the assertion that reducing 
the seeding density in hybrid rice seed production fields did not create a detrimental 
effect on seed yield.    
 In the 2014 Texas Rice Production Guidelines published by Texas A&M Agrilife 
Research, Dr. Fugen Dou and Dr. Lee Tarpley place the optimum planting dates for the 
Western Rice Region of Texas from 15th of March through 21st of April for commercial 
rice crops.  In the same publication, Dr. Garry McCauley along with Dr. Dou and Dr. 
Tarpley recommend a seed rate of 50 to 70 pounds per acre (56.04 to 78.46 kilograms 
per hectare) for non-hybrid varieties.  Although both parent lines are single line 
varieties, our seeding rate is often about half of normal and more comparable to a 
Hybrid seeding rate of 20 to 30 pounds per acre (22.42 to 33.63 kilogram per acre) as 
both parents usually tiller better than normal single line varieties.  These numbers are 
supported by RiceTec’s publication title Planting 2017.  In Planting 2017 William 
Hutchens pegs 22 pounds per acre (24.66 kilograms per hectare) as the optimum 
planting density.  He goes on to point out that “There are a few situations that occur 
where increasing your seeding rate may be advisable.  Situations like a rough seedbed, 
no-till, broadcast seeding, planting in heavy clay soils or cool and wet soils.  If you are 
faced with any of these situations, you may want to increase your seeding rate around 
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10%.” (RiceTec.com) Although, meticulous care is put in to seed bed preparation, at the 
Crop Production Services – Rice Research Station we plant 10% to 20% over the 
industry standard of 22 pounds per acre (24.66 kilograms per hectare) to account for 
other issues such as dormancy in the seed.  The control of 30 pounds per acre (33.6 
kilograms per hectare) is our normal seeding rate on the Rice Research Station.     
 I originally planned this as a way to reduce cost in Hybrid Seed Production.  
However, a reduction of 22.5 pounds to the acre would only result in a $45.00 per acre 
savings which is nice but insignificant when compared to the total investment we have 
in an acre of hybrid rice seed production.  As I began to break down data I reached the 
conclusion that rather than reducing cost this information would be most applicable 
when seed may be in short supply.   Seed stocks of hybrid and foundation seed are 
hard to maintain and are often in short supply for what’s needed to meet production 
goals at the traditional 30 pound per acre seeding rate. Forecasting planting intentions 
of farmers can be difficult due to unforeseen circumstances such as weather, 
economics and politics.  Foundation seed production is expensive and increases the 
overall cost of seed production.  These results indicate that seeding rate could be 
reduced if a parent was in short supply, allowing a company to plant more seed acres, 
maximizing the total quantity of hybrid seed produced without jeopardizing seed yield 
and seed grower income.  I believe additional acres are the safest way to meet seed 
supply goals set forth by the forecasting of our sales team.   
  I was not surprised by the east and west plots out yielding the north and south 
plot due to pollen being blown naturally by the predominate Southeast wind.  
Helicopters are vital to spread pollen on calm days but are not as effective at 
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consistently spreading pollen as a natural wind.  By looking a Figure 20, the east and 
west planted plots appear to be consistently better than the north to south planted plots. 
However, these results are based on one year of testing. I would expect this trend to 
continue in additional testing due to the importance of wind aiding in pollination. Visually 
on windy days, clouds of pollen being shifted by the breeze across the plots can be 
observed.  Often times the shape of the field and direction of drainage determine the 
planting direction of the field.  From the data collected in this experiment I would say 
efforts to plant east and west is worth the trouble when feasible but good fields should 
not be omitted solely because they cannot be planted east and west.  However, the 
evidence produced in this project alone is insufficient to confidently support any 
particular idea. 
 Optimum planting dates are difficult to predict year in and year out.     A Mid-
March planting date allows for the pollination window to in June, with harvest towards 
the end of July.  Pollinating in June is important because temperatures are historically 
cooler than July or August (Figure 15).  This helps extend the viability period of the 
pollen.   Early planting dates allow us to get the crop harvested with minimal threat of 
tropical storms forming late in the summer as we saw in 2017 with Hurricane Harvey 
and again in 2018 as crops experienced heavy losses in yield and quality due to 
excessive rainfall during September.  A downside to an early planting window is the fear 
of a late freeze and loss of a seed crop with no replacement seed.  There are risks 
associated with early and later planting.  By planning to start early, a person gains a sort 
of insurance policy if rain or cold should slow and close the optimum planting window.  
These data in Figure 22 would seem to support an early planting date but due to the 
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study being limited to a single year, additional years of testing will be needed to amass 
enough data to reach a solid conclusion. 
  This research allowed comparison of two parent lines at various densities, two 
planting dates and two planting directions.  It would be best to perform this test over 
multiple years with several sets of parents to truly determine the proper steps needed 
for the seed crop to reach its full potential across a variety of climate conditions as the 
weather will have different effects on each parent line.   In conclusion this project 
provided useful information that could be built upon in the coming years.  There appears 
to be some merit in reducing seeding densities while not sacrificing any seed yield.  The 
potential benefits of this could allow Crop Production Services to plant seed on more 
acreage at a reduce cost.  The planting direction and planting date results in this study 
seemed to show East to West, early planted plots were the best producing entries in the 
study.  However, the data set was limited and heavily dependent on weather conditions.  
Thus, it would need to be investigate more before any serious conclusions could be 
made.     
 Developement of the experimental seed production used in this research was 
created from the lessons learned during the Express test market.  Crop Production 
Services learned 2016 the importance of having a complete hybrid meaning it can not 
only be a strong variety but also needs to be easily produced as well.  Expressed was 
advanced several times within the CPS Hybrid rice program solely based on the fact 
that seed production for the Express variety consistently made seed, not on the qualities 
of the variety.  The experimental seed production preformed in this research needs to 
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be tested several times in order to gather enough data on seed production before 
advancing a Hybrid.      
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Figures and Tables 
 
Figure 1: Picture showing lodging that occur in an Express Hybrid Field in 2016.   
 
 
Figure 2: Picture showing Kyle Cranek using a Milwaukee Left blower to cross pollinate 
small plots of Experimental Seed Production.  The same technique was in used in this 
plot to cross pollinate on days where wind speed did not reach 10 miles per hour.  
Picture taken on July 10, 2018. 
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Figure 3: Ariel picture showing a “flushing” of the rice in progress.  The different plant 
densities are also visible here.  Picture taken on May 17, 2018. 
 
Figure 4: 2018 Hybrid Rice Seed Prices. 
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Figure 5: Predicted total crop revenue from a Commercial Rice Crop  
   
Figure 6: Aerial photo of the Dyna-Gro Rice Research Farm where the study was 
conducted.  The red box marks the actual field used during the trial.  The Dyna-Grow 
Rice Research Station is located 3.75 miles west of Danevang, Texas off of County 
Road 324.   
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               - Water Inlet                
 
 
 
Figure 7: A layout of the plot. North would be directly towards the left of the page.  The 
Red Star marks the water source for the field.  
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Figure 8: John Deere 6430 Tractor and Great Plains 3P606NT Drill fitted with a Kincaid 
Cone System used to plant the plot. Picture taken on April 11, 2018. 
 
Figure 9: John Deere 6430 Tractor and Great Plains 3P606NT Drill fitted with a Kincaid 
Cone System used to plant the plot. Second angle showing the closing system. Picture 
taken on April 11, 2018. 
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Figure 10: Seed Treatments and Rates applied to the Male Line Pollinator, R – 7. 
 
 
Figure 11: Seed Treatments and Rates applied to the Sterile Female Line, A – 25 
 
Chemical Ounces/CWT Amount in Ounces Amount in mL
Dynasty 0.15 0.05 1.55
Dyna-Shield Fludioxonil 0.04 0.01 0.41
Dyna-Shield Metalaxyl 0.32 0.11 3.31
Zinc 8 2.80 82.81
Nipsit 1.92 0.67 19.87
Dermacor* 6 2.10 62.10
Dye 1.2 0.42 12.42
Amount to Treat in LBS 35
↑
Enter amount here
*Dermacor value must be changed for different seeding rates
Total volume 14 fl oz
Total chemicals 6.17 fl oz 
Total water 7.83 fl oz 
A - 25 SEED TREATMENT CALCULATOR
Chemical Ounces/CWT Amount in Ounces Amount in mL
Dynasty 0.15 0.03 0.89
Dyna-Shield Fludioxonil 0.04 0.01 0.24
Dyna-Shield Metalaxyl 0.32 0.06 1.89
GA3 0.75 0.15 4.44
Zinc 8 1.60 47.32
Nipsit 1.92 0.38 11.36
Dermacor* 6 1.20 35.49
Dye 1.2 0.24 7.10
Amount to Treat in LBS 20
↑
Enter amount here
*Dermacor value must be changed for different seeding rates
Total volume 8 fl oz
Total chemicals 3.68 fl oz 
Total water 4.32 fl oz 
R - 7 SEED TREATMENT CALCULATOR
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Viability Analysis 
    
 Germination % Abnormal % Number of Seeds Tested 
A - 25 91.5 4.5 200 
R - 7 87.5 2.5 200 
 
Figure 12: Viability Analysis of Test Plot seed using a Warm Germination Test.  Results 
read on March 2, 2018.   
 
Figure 13: Bowman Mudmaster Spray used to apply Gibberellic acid to induce stem 
elongation in flooded conditions.  Picture taken on July 6, 2018. 
 
  
Average Max 
Temperature (F) 
Average Min 
Temperature (F) 
Average 
Precipitation 
(in) 
  
     
March  77 55 2.77 
April 77 55 2.23 
May 90 68 0.72 
June 93 75 4.88 
July 95 74 2.55 
August 94 73 1.17 
 
Figure 14: Average Maximum Temperature, Minimum Temperature and Precipitation 
by month over the duration of the plot for El Campo, Texas. (March 1, 2018 through 
August 17, 2018 
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  March April May June July August 
Average 
Max. 
Temperature 
(F) 
 68.2 75 81.5 87.8 93.2 95.4 
Average Min. 
Temperature 
(F) 
 46.3 51.9 60.1 66.3 71.6 73.4 
Average 
Total 
Precipitation 
(in.) 
 2.58 2.35 2.66 3.92 4.47 3.82 
 
Figure 15: Historical monthly weather data for El Campo, Texas from October 1, 1941 
through June 9, 2016. 
 
 
2017 2018 Average  
March 591 538 448 
April 646 524 619 
May 802 859 815 
June 876 902 879 
July 936 909 927 
August 770 768 751 
Total  4621 4500 4439 
 
 
Figure 16: Growing Degree Units accumulated during the growing season.  The normal 
GDU expected and the 2017 GDU’s accumulated are also provided.  
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Seeding 
Rate 
Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 
 Average 
Plants 
Counted 
Per Seeding 
Rate 
Targeted 
Plants Per 
Count 
        
         
7.5 6.166667 8.166667 6.833333 6.666667 7.166667 7.666667 7.1 6.6 
        
  
        
  
15 15.83333 17.75 15.5 15.83333 14.66667 16.66667 16.0 13.2 
        
  
        
  
22.5 20.16667 24.5 22.83333 19.83333 18.83333 19.83333 21.0 19.9 
        
  
        
  
30 23.5 28.5 26.83333 24.66667 23.33333 25.16667 25.3 26.5 
        
  
        
  
40 42.16667 38.5 33.66667 31.66667 34 28.66667 34.8 35.3 
          
Seeding 
Rate 
Seeds Per 
Pound  
Seeds Per 
Acre 
Seeds Per 
Square Foot  
SQ 
Counted 
Targeted Plants Per 
Count 
  
  
          
7.5 20,500 153750 3.529614 1.875 6.61802686   
      
 
  
      
 
  
15 20,500 307500 7.059229 1.875 13.23605372   
      
 
  
      
 
  
22.5 20,500 461250 10.58884 1.875 19.85408058   
      
 
  
      
 
  
30 20,500 615000 14.11846 1.875 26.47210744   
      
 
  
      
 
  
40 20,500 820000 18.82461 1.875 35.29614325   
          
Table 17: Average Stand Counts across all Seeding Rates. 
 
 
 
Figure 18: Formula used to adjust all plot yield to the same moisture content of 12%. 
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Figure 19: Average yield of F1 Hybrid Seed being compared by seeding rate in pounds/acre. 
 
  
 
 
Figure 20: Average yield of F1 Hybrid Seed being compared among all seeding rates 
across all six plots. 
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Figure 21: Average yield of F1 Hybrid Seed being compared by seeding rate in 
pounds/acre and direction the plots were planted. Reps One and Two were planted the 
traditional East to West direction whereas Reps Three and Four were planted North to 
South.  
 
 
Figure 22: Average yield of F1 Hybrid Seed being compared by seeding rate in 
pounds/acre and date on which plots were planted. Reps One and Two were planted 
the on April 11, 2018 whereas Reps Three and Four were planted on April 26, 201 
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PlotId 
Seeding 
Rate 
Weight Moisture 
Test 
Weight 
Adjusted 
weight  
Plot 
Acreage 
Plot 
Yield 
(lbs./ac) 
Average 
Yield 
Seeding 
Rate by 
Plot 
101 7.5 15.76 19.5 56.9 14.42 0.0084 1716  
112 7.5 13.62 22.8 55.6 11.95 0.0084 1422  
114 7.5 12.24 22.0 55.9 10.85 0.0084 1292 1477 
102 15 15.25 21.4 56.1 13.62 0.0084 1622  
106 15 11.74 21.5 56.2 10.47 0.0084 1247  
107 15 14.97 21.6 56.2 13.34 0.0084 1588 1485 
103 22.5 14.57 22.4 55.8 12.85 0.0084 1530  
108 22.5 12.25 21.1 56.4 10.98 0.0084 1308  
113 22.5 14.05 23.6 55.1 12.20 0.0084 1452 1430 
104 30 14.27 21.4 56.3 12.75 0.0084 1517  
111 30 10.47 21.5 56.2 9.34 0.0084 1112  
115 30 10.66 19.7 57 9.73 0.0084 1158 1262 
105 40 12 21.8 56 10.66 0.0084 1269  
109 40 11.81 22.5 55.6 10.40 0.0084 1238  
110 40 15.1 20.5 56.5 13.64 0.0084 1624 1377 
203 7.5 11.99 20.2 56.4 10.87 0.0084 1294  
204 7.5 10.62 21.5 56.2 9.47 0.0084 1128  
211 7.5 11.07 20.2 56.6 10.04 0.0084 1195 1206 
205 15 12.96 20.2 56.5 11.75 0.0084 1399  
209 15 11.97 20.5 56.4 10.81 0.0084 1287 1294 
206 22.5 9.37 21.2 56.3 8.39 0.0084 999  
210 22.5 14.31 19.2 57.1 13.14 0.0084 1564  
214 22.5 12.09 20.9 56.3 10.87 0.0084 1294 1286 
202 30 11.67 22.2 55.9 10.32 0.0084 1228  
207 30 10.9 20.4 56.3 9.86 0.0084 1174  
212 30 10.5 20.5 56.5 9.49 0.0084 1129 1177 
201 40 12.12 22.4 55.7 10.69 0.0084 1272  
213 40 10.35 20.5 56.3 9.35 0.0084 1113  
208 40 10.16 21.8 56.1 9.03 0.0084 1075  
215 40 11.18 20.2 56.5 10.14 0.0084 1207 1132 
303 7.5 9.92 17.7 57.6 9.28 0.0084 1104  
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304 7.5 8.31 20.6 56.3 7.50 0.0084 893  
308 7.5 9.71 18.9 57.1 8.95 0.0084 1065 1021 
305 15 10.22 20.7 56.3 9.21 0.0084 1096  
312 15 8.52 19.3 57 7.81 0.0084 930  
313 15 13.06 18.7 57 12.07 0.0084 1436 1154 
306 22.5 9.61 19.9 56.6 8.75 0.0084 1041  
307 22.5 10.76 18.6 56.9 9.95 0.0084 1185  
314 22.5 9.73 17.6 57.6 9.11 0.0084 1085 1104 
302 30 11.53 20.1 56.8 10.47 0.0084 1246  
309 30 9.27 18.5 57.2 8.59 0.0084 1022  
310 30 9.68 18.1 57.3 9.01 0.0084 1073 1114 
301 40 14.59 18.1 57.4 13.58 0.0084 1617  
311 40 11.46 17.0 57.7 10.81 0.0084 1287  
315 40 15.64 15.9 58.5 14.95 0.0084 1779 1561 
405 7.5 10.53 19.2 57 9.67 0.0084 1151  
409 7.5 10.02 18.6 57.3 9.27 0.0084 1103  
410 7.5 9.38 19.8 56.8 8.55 0.0084 1018 1091 
401 15 9.71 20.7 56.2 8.75 0.0084 1042  
411 15 8.96 19.0 57.2 8.25 0.0084 982  
415 15 12.24 17.4 57.7 11.49 0.0084 1368 1130 
402 22.5 8.88 21.0 56.3 7.97 0.0084 949  
404 22.5 7.94 20.3 56.4 7.19 0.0084 856  
412 22.5 9.05 20.8 56.3 8.15 0.0084 970 925 
406 30 7.21 20.3 56.7 6.53 0.0084 777  
408 30 9.08 20.7 56.3 8.18 0.0084 974  
413 30 8.82 19.6 56.8 8.06 0.0084 959 904 
403 40 10.63 19.5 56.8 9.72 0.0084 1158  
407 40 9.85 18.8 57.1 9.09 0.0084 1082  
414 40 7.29 20.7 56.4 6.57 0.0084 782 1007 
501 7.5 21.36 15.9 58.4 20.41 0.0084 2430  
505 7.5 7.9 22.5 55.9 6.96 0.0084 828  
512 7.5 10.56 19.1 57.1 9.71 0.0084 1156 1471 
502 15 13.4 18.6 57.3 12.40 0.0084 1476  
509 15 6.59 23.1 55.5 5.76 0.0084 686  
513 15 9.93 22.2 55.8 8.78 0.0084 1045 1069 
503 22.5 9.45 19.8 56.7 8.61 0.0084 1025  
504 22.5 8.47 21.2 56.3 7.58 0.0084 903  
514 22.5 11.2 18.5 57.4 10.37 0.0084 1235 1054 
506 30 10.67 19.2 57.1 9.80 0.0084 1166  
507 30 12.88 18.7 57.2 11.90 0.0084 1417  
511 30 7.52 22.6 55.9 6.61 0.0084 787 1123 
508 40 8.19 20.4 56.6 7.41 0.0084 882  
510 40 7.65 21.1 56.3 6.86 0.0084 817  
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515 40 10.05 21.1 56.3 9.01 0.0084 1073 924 
602 7.5 8.67 21.1 56.3 7.77 0.0084 925  
606 7.5 8.43 20.9 56.5 7.58 0.0084 902  
610 7.5 9.39 19.9 56.8 8.55 0.0084 1018 948 
609 15 9.87 22.5 55.8 8.69 0.0084 1035  
611 15 11.48 19.7 56.8 10.48 0.0084 1247  
613 15 7.27 21.1 56.2 6.52 0.0084 776 1019 
601 22.5 9.4 21.8 55.9 8.35 0.0084 994  
612 22.5 7.54 21.7 56.1 6.71 0.0084 799  
614 22.5 7.39 21.9 56.1 6.56 0.0084 781 858 
603 30 15.44 18.3 57.4 14.33 0.0084 1707  
605 30 12.91 19.0 56.9 11.88 0.0084 1415  
607 30 8.08 21.6 56 7.20 0.0084 857 1326 
604 40 17.55 17.8 57.8 16.39 0.0084 1952  
608 40 7.37 21.1 56.3 6.61 0.0084 787  
615 40 7.78 22.4 55.8 6.86 0.0084 817 1185 
 
 
Table A1                                                                                                                                                           
F1 Hybrid Seed Produced - Across All Plots (Grouped by Seeding Rates in lbs/ac)                                                                                                                                                  
Anova: Single Factor 
SUMMARY       
Groups Count Sum Average Variance   
7.5 23 219.2853 9.534143 8.7583   
15 22 245.1903 11.14501 8.578992   
22.5 23 280.2355 12.18415 34.0785   
30 23 324.0357 14.08851 76.89012   
40 24 391.7668 16.32362 160.2788   
       
       
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 649.3144 4 162.3286 2.746862 0.03189 2.454213 
Within Groups 6500.563 110 59.09603    
       
Total 7149.877 114         
 
 
43 
 
Table A2                                                                                                                                                          
Test Weight - Grouped by Seeding Rates in Pounds/Acre                                                                                                                                                  
Anova: Single Factor 
SUMMARY       
Groups Count Sum Average Variance   
7.5 18 1020.7 56.70556 0.454673   
15 17 960.2 56.48235 0.356544   
22.5 18 1015.6 56.42222 0.343007   
30 18 1019.8 56.65556 0.244967   
40 19 1075.7 56.61579 0.592515   
       
       
ANOVA       
Source of 
Variation SS df MS F P-value F crit 
Between Groups 1.020587 4 0.255147 0.63609 0.638153 2.479015 
Within Groups 34.09497 85 0.401117    
       
Total 35.11556 89         
 
 
Table A3                                                                                                                                                         
Moisture  - Grouped by Seeding Rates in Pounds/Acre                                                                                                                                                  
Anova: Single Factor 
SUMMARY       
Groups Count Sum Average Variance   
7.5 18 360.4 20.02222 2.930065   
15 17 348.2 20.48235 2.374044   
22.5 18 371.5 20.63889 2.258987   
30 18 362.4 20.13333 1.845882   
40 19 383.6 20.18947 3.574327   
       
       
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 4.74451 4 1.186128 0.454319 0.768983 2.479015 
Within Groups 221.9165 85 2.610782    
       
Total 226.661 89         
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SUMMARY
Groups Count Sum Average Variance
7.5 lbs/ac Seeding Rate 3 4430.281 1476.76 47312.21
15 lbs/ac Seeding Rate 3 4456.017 1485.339 42983.25
22.5 lbs/ac Seeding Rate 3 4289.2 1429.733 12698.14
30 lbs/ac Seeding Rate 3 3787.223 1262.408 49277.23
40 lbs/ac Seeding Rate 3 4131.663 1377.221 45914.22
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 99934.85 4 24983.71 0.630313 0.652023 3.47805
Within Groups 396370.1 10 39637.01
Total 496305 14
Table 2                                                                                                                                                                   
F1 Hybrid Seed Produced - Replicate One (Grouped by Seeding Rates in Pounds/Acre)                                                                                                                                                  
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
7.5 lbs/ac Seeding Rate 3 3617.232 1205.744 7022.443
15 lbs/ac Seeding Rate 2 2686.449 1343.224 6242.127
22.5 lbs/ac Seeding Rate 3 3856.768 1285.589 79949.13
30 lbs/ac Seeding Rate 3 3531.272 1177.091 2458.271
40 lbs/ac Seeding Rate 4 4667.225 1166.806 8029.464
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 60494.4 4 15123.6 0.722959 0.595778 3.47805
Within Groups 209190.2 10 20919.02
Total 269684.6 14
Table 3                                                                                                                                                                  
F1 Hybrid Seed Produced - Replicate Two (Grouped by Seeding Rates in Pounds/Acre)                                                                                                                                                  
Anova: Single Factor
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SUMMARY
Groups Count Sum Average Variance
7.5 lbs/ac Seeding Rate 3 3062.38 1020.793 12707.12
15 lbs/ac Seeding Rate 3 3462.917 1154.306 66586.51
22.5 lbs/ac Seeding Rate 3 3310.846 1103.615 5421.339
30 lbs/ac Seeding Rate 3 3340.833 1113.611 13836.03
40 lbs/ac Seeding Rate 3 4682.664 1560.888 62988.39
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 542275.2 4 135568.8 4.196153 0.029982 3.47805
Within Groups 323078.8 10 32307.88
Total 865354 14
Table 4                                                                                                                                                                   
F1 Hybrid Seed Produced - Replicate Three (Grouped by Seeding Rates in Pounds/Acre)                                                                                                                                                  
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
7.5 lbs/ac Seeding Rate 3 3272.089 1090.696 4564.265
15 lbs/ac Seeding Rate 3 3391.216 1130.405 43136.84
22.5 lbs/ac Seeding Rate 3 2774.754 924.9179 3659.748
30 lbs/ac Seeding Rate 3 2710.781 903.5935 12002.5
40 lbs/ac Seeding Rate 3 3021.688 1007.229 39456.18
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 118706.9 4 29676.71 1.443146 0.28991 3.47805
Within Groups 205639.1 10 20563.91
Total 324345.9 14
Table 5                                                                                                                                                                  
F1 Hybrid Seed Produced - Replicate Four (Grouped by Seeding Rates in Pounds/Acre)                                                                                                                                                  
Anova: Single Factor
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SUMMARY
Groups Count Sum Average Variance
7.5 lbs/ac Seeding Rate 3 4414.137 1471.379 716255.7
15 lbs/ac Seeding Rate 3 3206.284 1068.761 156455.3
22.5 lbs/ac Seeding Rate 3 3163.049 1054.35 28178.29
30 lbs/ac Seeding Rate 3 3370.303 1123.434 100348.2
40 lbs/ac Seeding Rate 3 2771.177 923.7256 17715.66
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 505773 4 126443.3 0.620457 0.658223 3.47805
Within Groups 2037906 10 203790.6
Total 2543679 14
Table 6                                                                                                                                                                  
F1 Hybrid Seed Produced - Replicate Five (Grouped by Seeding Rates in Pounds/Acre)                                                                                                                                                  
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
7.5 lbs/ac Seeding Rate 3 2844.988 948.3293 3725.006
15 lbs/ac Seeding Rate 3 3057.863 1019.288 55665.54
22.5 lbs/ac Seeding Rate 3 2573.892 857.964 14046.49
30 lbs/ac Seeding Rate 3 3978.125 1326.042 186316
40 lbs/ac Seeding Rate 3 3554.966 1184.989 440976
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 423236 4 105809 0.754992 0.577235 3.47805
Within Groups 1401458 10 140145.8
Total 1824694 14
Table 7                                                                                                                                                                   
F1 Hybrid Seed Produced - Replicate Six (Grouped by Seeding Rates in Pounds/Acre)                                                                                                                                                  
Anova: Single Factor
